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ABSTRACT

Aims: The impacts of habitat fragmentation on biodiversity are a critical research area in ecology and conservation
biology. However, there is still insufficient understanding of how habitat fragmentation affects species diversity and
activity thythm. The purpose of this study is to investigate the diversity of birds and animals in fragmented forests and
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to explore the effects of patch size and stand age on the diversity of mammals and birds, as well as the daily activity
rhythm of dominant species.

Methods: From July 2018 to July 2021, researchers used infrared cameras to survey mammal and bird species in 21
fragmented forest patches located in the Dujiangyan region of Sichuan Province. The “vegan” package in R was used to
generate the species accumulation curve; the linear mixed model of the “lme4” package in R was used to analyze the
relationship between species richness and relative abundance index, and factors such as patch sizes, stand ages, and
seasonal variations; the “overlap” package and “activity” package in R were used to analyze the daily activity thythm
and niche overlap of two dominant species and anthropogenic activities, through kernel density estimation and
coefficient of overlap analyses.

Results: This study documented a total of 63 species of wild animals, which belonged to 10 orders and 25 families.
These species included 52 species of birds and 11 species of mammals. Notably, 12 of the recorded species are Class-1I
national protected animals, such as Macaca thibetana, Prionailurus bengalensis, Chrysolophus pictus, and Tragopan
temminckii; 7 species are endemic to China, including M. thibetana, Muntiacus reevesi, and Bambusicola thoracicus; 1
species (Arctonyx collaris) is red listed by the IUCN as Vulnerable (VU), and two species (M. thibetana and Elaphodus
cephalophus) are listed as Near Threatened (NT). The research found that the species richness and relative abundance
index of mammals increased as patch sizes increased. However, there was no significant correlation between bird
species richness and relative abundance index, and patch sizes. Stand ages did not have significant correlations with the
relative abundance index of mammals and birds. Furthermore, the study showed that the bird species richness and
relative abundance index were significantly higher in the dry season than in the wet season. In contrast, the relative
abundance index of mammals was significantly lower in the dry season than in the wet season, while mammal species
richness did not significantly differ between the dry and wet season. The daily activity rhythm curves of the two
dominant species (i.e., C. pictus and B. thoracicus) were highly overlapping and showed no significant niche
differentiation; the overlap of daily activity rhythm increased as patch size but decreased with stand ages. In addition,
the diurnal activity of the two dominant bird species showed a noticeable avoidance of anthropogenic activities during
certain times.

Conclusion: Our findings indicate that forest fragmentation mainly affects mammal diversity and the daily activity
rhythm of dominant birds. Therefore, it is crucial to enhance the use of new technologies such as infrared cameras to
monitor, study and protect the diversity of wildlife in areas outside protected zones and national parks. Our results
provide valuable insights for further studies on the impact of habitat fragmentation on biodiversity and species
coexistence.

Key words: biodiversity; camera trapping; habitat fragmentation; forest succession; daily activity rhythm; niche
differentiation
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2019). ARG AR 2 BRI W B TR
WA oA, BRI S B E 2 AR R D)
At K 4 A% 4k (Chazdon, 2008; Yang et al, 2018,
2022a). FEAESEREREALHERE T, ARAKR AR gD DL R
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BN H I B0 R A B K T S PR 85 (1) 45
R, RHEENAESIT HFE(Kay et al, 2017). HiE
B RR B — R IS B s AT N R, 52
BIHH H& . Z=92840 . MplaAE BAE A DL RS
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TP FhILAF (Hardin, 1960). {EFRMAES RGP,
AT H 9 HE EA R, AAEFESREN
FoE R ¥EE EENEN, HAARRN — e
AT DA B 2 b PR A S A B A R AR B (9K I HE A
2003)0 FHTHLS5 0RAT BE J1 A8 A8 K 70 AT N =)
PR by i AR 15, wfE DAFE 3 5 [A) BB 2 A iR
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Fig. 1 Relationships of species richness of mammals, birds
and the total of them with the camera trapping days in the
Dujiangyan research region, Sichuan Province, China. The top
horizontal dash line indicates 90% (N = 57) of the expected
species richness recorded.
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W JE (Melogale moschata) FIEHE . B K 2% & 5SS
P 1280, 3Rl NL RS LR HE. 200k
9 (Calliope calliope) « 41 W ¥ B & (Leiothrix
lutea) 5. FEHMERS(Trochalopteron elliotii)~ ¥
BY(Emberiza siemsseni)~ FLEEME. KL 5B EGHE
FIRAN R S (P 1)

Hh E R A TR, o D9 LIRS AR Ay
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Fig. 2 Effects of patch size (A, C) and stand age (B, D) on species richness and relative abundance indices of birds and mammals. *,
** indicate P < 0.05, 0.01, respectively, and ns indicates a non-significant effect (P > 0.05). The bottom and top limits of each box
are the lower and upper quartiles, respectively; the horizontal line within each middle of box is the median. The two vertical lines
outside the box represent the maximum and minimum values except for the outliers; the small circles outside the line represent the

outliers. N in (A, B) indicated the sample size (i.e., patches).
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Fig. 3 Effects of seasons (dry season and wet season) on
species richness (A) and relative abundance index (B) of birds
and mammals (mean + SE). *, *** indicate P < 0.05, 0.001,
respectively, and ns indicates a non-significant effect (P >
0.05).

24 FHREZENSEYFBAEXT % E R

SR YRR AR X £ B R R R
EETHRZEWRE: ¥ =344.700, df = 1, P < 0.001;
FAXF 2 BEAREL: = 15.829, df = 1, P < 0.001); 4%
HIN Z R MEREEE ST 550" = 4703, df =
1, P = 0.030), {HERRYPEALE W Z2H0 R 20 2
FAEEG=1.038, df =1, P =0.308) (EI3).
2.5 BERK/N . EEBEMERXAMAESEE SAH
AT NN

AV ) A i) S R A5 21 B i X R iy X kST A
RO 43775k, HrP LIRS 2,1495K, KT RS
2,228k Hig sl TR, 20N RSN 7y %535
NEATHED RN, 2F SRPESI LR EES, HE

[—— £LJR4838 Chrysolophus pictus
0.12 |- -~ IRHAF134 Bambusicola thoracicus
A=0.95

2 ¥ Density

05 i

0:00 6:00 12:00 18:00 24:00
it [&] Time

El4 LIRESRISFRIMSH HIESTHEMERERRY
REXEAEEMS, ERRRARCXEHER.

Fig. 4 The daily activity rhythm curve and coefficient of
overlap of Chrysolophus pictus and Bambusicola thoracicus.
The overlapping coefficient equals the area in grey below both
curves.
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Fig. 5 The daily activity rhythm curve and coefficient of overlap of Chrysolophus pictus and Bambusicola thoracicus in different
patch sizes (A—C) and stand ages (D-F). The overlapping coefficient equals the area in grey below both curves.
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Fig. 6 The daily activity rhythm curve and coefficient of overlap of Chrysolophus pictus (A), Bambusicola thoracicus (B) and
anthropogenic disturbance. The overlapping coefficient equals the area in grey below both curves.
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H(Berzaghi et al, 2018). HTZE A NES T,
SR SRR R s, AT N, KA
BN K 48 X B 51 (Dirzo et al, 2014). T2 4MH
BILSK ti APG R H 2 55 A A 0 8 ) i 5 FE AR ) 22
PR E X HAROR Y X . B A AT (5 714,
2016; 454, 2016; RETEE, 2019), MEMBAL
B E IR . BOSEARIX . EX AR
SIERY . HEFFAEY 2R BN EE, ARMHER
XL A SR [ S5 X 52 21l AR A 1 52 i B Ay
H, VP2 RS2 B R ] Bt T R, AT
FAR TR, W3R B ERY AT T B
MR -IT O K g 3 AR X Q1R (5 70 4%,
2016), SZRYPEL(S2P)IZ AR T AR VL IEHL X (1)1 5%
G11FN) BRI T4, 2022), RPBEARMA T S
BEZFMEZ R T ARRER AT, ZLAMENLIL
SF B0 1 155 28 32 B A 4 4 R 7 B T B B &
FIFEZMRI(LI et al, 2020), #0Fh BRI 3
25,000FHHL H 556 21839, 7T ReAL BT AHAL A3
IRIARBIMOE 2 2K, A AMANLC S BNZHT 7T X 18
T JHE R S E 25 TR S A S 22 P s v, U I B R
ARG I 2 2N H (Yang et al, 2018), ZE153F
SRR 2 RS AR AR R R . AT, TR
TERE . NERAIETSE (Sus scrofa) 5 RIS HETH
A BETHRURT S R ARG B =, R AT A 5
BHEM D Bk, T BRI G R it R i
AR IV S B A T K 1 T T
3.2 HESRE I S EYFEAEX 2 E R0
05 2E P Hh 2 B SR O, WS M (S5 05) AR
K, FETIHA YR E B R (MacArthur &
Wilson, 1963; Miller-Rushing et al, 2019). ASHF 5045
R, R PRI X 2 TR KB T
HOBE R, R AR S HR R -1 B 08 R (MacArthur &
Wilson, 1963). {H5EIHWIFIERIAR XS 2 5 5 B
KANZ AR R, vRe S SR BAREN T
RE 1 A S AEAN R B H 2 (AR BT RS A 0. /NBESR
()5 PP R AR X 22 B MG, U0 B /NP AE AR
V) Z FEVECRIPFIAIT 72 b [R) A B AT 27 H (Riva
& Fahrig, 2022). FRIBFFEA AN AR T BEBR AR
RGBS B2, 3 2 5 M R4 B v 4H AN 23 A, AT
BB AL T AN ] ()38 B B B (Fahrig, 2003, 2017). AT
FLEE R, AR E 0 N S S A ORI A

X2 BERGM AN 2 o FRATTHEI, b TV e A
DXACTEST R AL, SRR R S5 2%, (A2
FINNES TR E IR, NKATESI AT 6
oM 7RI AE R ATHET AR, IANKIES) T
18 ) AR A AL TUAR A SRR SR 1 T ] £ A S i AT
BRI, BB 2 RS R, il
B BB v 198 5 e IR B (Yang et al, 2018, 2022a). [l
Ut, SEMM 2R TS AR B R A7
KUK e F DT T
3.3 FHEZRNEEMFEAERT S E RS0

HIT BT 55 2% B UM A2 A 4 5 il DX el R AURE G
MUY (Rafferty et al, 2020), HEIT AT BE 250
BWNAT NN Z FEVE(Davies et al, 2011; Yang et al,
2022a). ASHIFFL SR B WIFBORIAR N 22 BEAE 725
BEETWEE X vra] Lo DU P9 77 T R
HATRRRE . 10k, TR IX10-12 H K& B R 5k
(P F s T, s = RN,
21 M5 W5 Y (Urocissa erythrorhyncha) « 40 46 W 45
(Spizixos semitorques)~ MRS (Garrulax sannio)«
AT (Garrulus glandarius)&5(Z2HEEE, 2010; Li et
al, 2020). HIR, ZAMEVLEG B RE R 7R SRR SEHA
ZLMEH I 555 SRR E TR B, IR
J A5 B (A5 5300, iR 9FN, RS FE AR
VENTRIX i, =FHLFE R RN
B MR EORIAR T 22 B2 5y ACHIT 5 Hh B 2R AR AH
ZEANEY RS TR, NERYA L =M
WEZHEAREER. TAXWNERER. KK
Z. EWHRIELEINFEE, LHMENLERN T EME BR
RIOVEHKEZAEMAGS), 7 RER 5 A& 2R A 4l
THREBHYTEH (PR RS, 2014). X AI4-5H
AR BT, B SRR AN 5 55T 20 A0
%, Bk, SIS IR LD AN AL 2 1) mT e
B IR 2, 2021; BTETESE, 2022),
3.4 HEEEC I BIES TN

BN B 5 A A [A) A2 25 A 2 sh AT N AE I
[F) ¢4 B B ) 73 AT, 2 ok IS T B ) FH 1) = 22 4 3
(Kay et al, 2017; MRIZE4E, 2019). X sh¥) HIES) TS
BB FCA B T 1 M Sh W E A SRR AL S BIAT N
A2 (Linkie & Ridout, 2011)F1F[E] ¢ R (Bu et al,
2016). ZLIZARAS TR T RSVE AT XN RGEK B
RABOERI LAY, ERIEFDIREIEIR LR A
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AR, 5 R AR S 07 B B M & A T2 4 (Yao et al,
2021)0 ASHIFFTLE TR, 1R 50 XS AR F 7 3 fr) st
V) A= 25 87 78 A [ 1) 366 25 B BRI B e K /)~ [i) 2 8 i
By, VLI R B P AR R SE S . BB
R /N 23 (] B 72 W R s 4 kK, 17 B A B R T AR
AR, WIN T YIFIE s A (), PR AT R LR S A AR
AL _E 72 A AT RE R 8 A7 (Schoener, 1974). Fifi
ARG BT, B2 18 5 S B B T
P [ A ALk, T BE S BEHUE Y R T R IR
FEEAE 8 2 S B A5 A1K 1T 66 5 M 9 o % (Yang et al,
2022a), M FIPIRIE B YIEBALR A5 B MiF
JE FLAF(Schoener, 1974). PIFIXSIE B 52810 HiE3)
5N NG T E S RAC, B H I 8 g
PG, A BHIEETT T N5 3l = 7] . 1X R B
TEN NGB m i X 45k, 21 R 40 R0 2 B 7 48
ALIE VAT B & H 3 DURE A R 3T
P, FAVE 2 B A= 2 idE BT 0 R BUAR [R] (A £
TEHAAE, 20205 WHET52%, 2022), XL RE ARSI
FI 1 A8 T xR 1) 35 4 A O 3h T3 A de e 3¢
FIEE N3 30 AR B AR . BTLA, F7 RECE R
RS TN KX E AR A BRI A B RS

gE LR, AHE TR AL AR B U
T BTV A A AR B B i A K e
AN S RA R IR G, I b7 T LRSS i fk
Xof B RN 5 8 22 B R AR 3 H 3 3 71 A )
SR AR A 5 BT A 5 ) W R R T A SR
T EBEIETOR . @ A ER IS, RIS
YR 2 B AR T AR X, KA S 2K
Pl /L; AR AT S 8 o B RIAR T 2 B LA
—E MR . BRAt, BE TS RS R T P
ASTE H SRR BESR R SE AR, SRk
BRI R Y B A A 2 s P4 T A
REEEORL. AR, ([EAERNE, LAMENLEAREE
W PR A R IAEA R, B0 & A iR AE
THI G 200 P S5 R0 R R B K T vk [ B 1 2 ARl 2
AN, IERAT /N S5 2R 1 sh 4 W R
Me, T B AN TS R, SR AN KRR B R %
SEFEIT 2 S0 125, 2016) 7824 RTHAE SR T 126
VIR ZAS kA S, UK AN A Bh A
AERA M T B A ZNIREAT VR4S . 54, R ST 1 ik
TR/ BT AN TP ma AR 2 (A RN R T

(i) o AR IR AN R 2R B AL P P 22 ARV
FEIT, NE 238 A AL AR I K, R R
LLAMEMLE AR FI H A T IR AH 45 & AT R B (R 2
4 2018; Yang et al, 2022b), HA04Ht =) < BE 4>
Hr, AT RE BE 4 T B 48 B AR S Bt RO O, AR
ZREHE ORI RN S B AR AR A A

BUft: AAF AT R Wl B AR TR Ak e Ak kB
AR BIBFH KA X #F, HIMHAE /RS T
AYRGED A B, it o AR E A R F 5 8
oA B, At —F H
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Appendix 1 Mammal and bird species recorded by camera-trapping in the Dujiangyan research region, Sichuan Province, China

YIFh Species EZxRES  PEEHES)  IUCN¥ifE  FERA PP MM MR
S R X S Residential  No. of JiH No. of 153
M4 5  RedListof  IUCNRed  type detected independent  Relative
Protection  China’s List of locations photographs  abundance
category Vertebrates Threatened index
Species
538 Birds

% H COLUMBIFORMES
5458} Columbidae

L BEN Streptopelia orientalis LC LC R 3 5 011
i EH CHARADRIIFORMES
8%l Scolopacidae

%% Scolopax rusticola LC LC W 18 241 5.44
M H GALLIFORMES
HEFL Phasianidae

ZINGERRS Chrysolophus pictus A Il NT LC R 21 2,498 56.38
RIS Bambusicola thoracicus A LC LC R 21 3,699 83.49
LG FAHE Tragopan temminckii 1l NT LC R 1 2 0.05
2t Phasianus colchicus LC LC R 3 4 0.09
£ H PASSERIFORMES
KEIL#EFRL Aegithalidae
HIEKE L4 Aegithalos bonvaloti LC LC R 1 2 0.05
KR IL#E Aegithalos concinnus LC LC R 6 13 0.29
HHLF} Sylviidae
ZIME94 Conostoma aemodium LC LC R 3 3 0.07
KLAGHE Psittiparus gularis LC LC R 1 1 0.02
8%l Pycnonotidae
PIEEMERY Spizixos semitorques LC LC R 2 4 0.09
K%L Turdidae
RS Zoothera mollissima LC LC S 15 38 0.86
RIS Turdus dissimilis NT LC P 1 1 0.02
FRBEHLEY Zoothera aurea LC LC P 21 1,557 35.14
Y Turdus boulboul LC LC S 21 571 12.89
559 Turdus mandarinus LC LC R 37 0.84
LJKFY Turdus cardis LC LC P 4 13 0.29
KEHFY Zoothera dixoni LC LC P 19 119 2.69
KEHY Turdus hortulorum LC LC P 2 6 0.14
B35 Turdus rubrocanus LC LC R 3 4 0.09
MESEL Timaliidae
B aWERS Erythrogenys gravivox LC LC R 16 159 3.59
FRIEIMERS Pomatorhinus ruficollis LC LC R 18 76 1.72
213 MY Cyanoderma ruficeps LC LC R 13 27 0.61
th#F Paridae
#AE1148 Pardaliparus venustulus A LC LC R 2 2 0.05
Wi 114E Periparus rubidiventris LC LC R 1 3 0.07
ki Cephalopyrus flammiceps LC LC R 5 5 0.11
HEIL#E Periparus ater LC LC P 3 3 0.07
#Fl Passeridae
k¥ Passer montanus LC LC R 4 5 0.11

Fi# Petronia petronia LC LC w 1 2 0.05
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Wil Species Ex#ES  PEEMHS  IUCN¥IR  JEEA PEHER BMOIHERIE AN ZE
A aasst 90 Residential ~ No. of ¥ No.of R4k
W45 RedListof  IUCNRed  type detected independent  Relative
Protection  China’s List of locations  photographs  abundance
category Vertebrates Threatened index
Species
#5%} Muscicapidae
2Ly R4S Tarsiger cyanurus LC LC R 21 237 5.35
2R Myophonus caeruleus LC LC R 21 1,297 29.27
4 Enicurus leschenaulti — LC R 1 2 0.05
ZLIEKES Calliope calliope Il LC LC P 1 2 0.05
ZEREHKAY Larvivora brunnea LC LC S 2 5 0.11
WEEKAS Larvivora cyane LC LC P 12 60 1.35
5} Corvidae
ZIMEWEES Urocissa erythrorhyncha LC LC R 21 473 10.68
FA%S Garrulus glandarius LC LC R 19 268 6.05
HARSE} Pellorneidae
JKHE#HES Alcippe morrisonia LC LC R 16 82 1.85
M THAERS Schoeniparus brunneus LC LC R 14 51 1.15
EERSEL Leiothrichidae
kRS Garrulax albogularis LC LC R 2 9 0.20
H MRS Garrulax sannio LC LC R 21 1,256 28.35
ZLMEAIE S Leiothrix lutea 1l LC LC R 21 2,585 58.34
HJ§ Garrulax canorus 1l NT LC R 8 24 0.54
HIMMERS Garrulax cineraceus LC LC R 15 179 4,04
FEMIERS Trochalopteron elliotii A 11 LC LC R 12 38 0.86
BIRERS Trochalopteron affine LC LC R 1 1 0.02
HEAER} Fringillidae
K3KIK#E Pyrrhula erythaca LC LC R 1 1 0.02
e Fringilla montifringilla LC LC w 2 15 0.34
5%} Emberizidae
W34 Emberiza siemsseni A ] LC LC S 2 6 0.14
FEF.H ACCIPITRIFORMES
&%} Accipitridae
FEHERE Circaetus gallicus Il NT LC P 3 3 0.07
KL Accipiter trivirgatus [ NT LC R 2 2 0.05
HAKSH PICIFORMES
A LR Picidae
WLEEA S Picus canus LC LC R 21 333 7.52
B Mammals
RKH PRIMATES
W&FL Cercopithecidae
RGME Macaca thibetana A Il VU NT 1 1 0.02
AP HE CARNIVORA
RAER} Viverridae
1T Paguma larvata NT LC 21 1,139 25.71
iRl Felidae
%% Prionailurus bengalensis Il VU LC 18 105 2.39
iRl Mustelidae
i Mustela sibirica LC LC 21 162 3.66
W% Melogale moschata NT LC 21 1,125 25.39
FHE Arctonyx collaris NT VU 11 59 1.33

#{E%F H CETARTIODACTYLA
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V)%t Species HEx®Es  PEHFHES  IUCNSE  EEE PrYuE MO AR MY EE
A aasst 90 Residential ~ No. of ¥ No.of R4k
W45 RedListof  IUCNRed  type detected independent  Relative
Protection  China’s List of locations photographs  abundance
category Vertebrates Threatened index
Species
fE®} Cervidae
5% Elaphodus cephalophus 1 VU NT 11 149 3.36
/NEE Muntiacus reevesi A VU LC 3 9 0.20
B9%% Sus scrofa LC LC 2 2 0.05

Mt H RODENTIA
FAREL Sciuridae

FREE B, Tamiops swinhoei LC LC 4 11 0.25
A Muridae
/MBEF Leopoldamys edwardsi LC LC 21 739 16.68

LR AR OFEAREEE B BRI S5, A PEREWR, RPEL: 11 B R RE SR BRI, IUCN/ T E T RS A th 44 5% VU:
5 fa; NT: iEf&; LC: BfE; BRALR: B9 S BES, W LK%, P iKY,

This table did not include the mammals and birds which can not be identified as specific species; A Endemic species in China; Protection category: Il,
Class Il nationally key protected wildlife; IUCN/Red List of China’s Vertebrates: VU, Vulnerable; NT, Near Threatened; LC, Least Concern;
Occurrence status: R, Resident; S, Summer visitor; W, Winter visitor; P, Passage migrant.



